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Long story short
IMAGINE YOU HAVE AN OPTION THAT:
 Allows a better handling of waste at your household
 Better fits with your existing treatment facilities
 Has a more favourable overall environmental
footprint
 …and it costs less…

WOULD YOU GO FOR IT?
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Framework of the research: food waste management in Italy

5,200,000 t (2015)

Food waste is the most
relevant stream separately
collected in Italy

6,400,000 t (2019)

+ 23%

And is being mainly processed
by anaerobic digestion vs.
composting

103 t/y

2,900
1,900

1,650

2015
Composting

1,700

+ 75%

2019
Anaerobic digestion

Data from ISPRA - Istituto Superiore per la Protezione e la Ricerca Ambientale. 2020. Rapporto rifiuti urbani 2020. [2020 urban waste report of the
Italian Institute for Environmental Protection and Research]
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Framework and goal of the research

The amount of bioplastic
managed by the organic waste
management system has also
rapidly increased

27,000 t  1.5% of organic waste (2016)
83,000 t  3.9% (2019)

+ 210%
Research question:
How the type of collection bag can affect the overall
performance of the food waste management chain
based on anaerobic digestion?

Data from CIC (Consorzio Italiano Compostatori) - COREPLA (Consorzio nazionale per la raccolta, il riciclo e il recupero degli imballaggi in plastica), 2020.
Studio CIC-COREPLA, 2020: triplicano le bioplastiche compostabili nella raccolta dell’organico. [Study of the Italian Italian Composting and Biogas
Association and the Consortium for the Collection and Recycling of Plastic packages on the amount of bioplastic into the food waste]
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Food waste collection bags
 36% plastic (not suitable for the subsequent treatments)
 63% bioplastic (mainly based on Mater-Bi®)
- designed for the food waste collection  DEDICATED

- conventional shopping bags that can be re-used for the
collection of food waste  SHOPPER

 <1% paper
bags made of recycled paper with reinforced cartonboard
bottom specifically manufactured for the food waste
collection
Data from CIC - COREPLA
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Performed activities
A comparison between paper and bioplastic bags

Collection bag manufacturing
and packaging

Food
waste

Collection bag use

1. Household storage tests

Food waste collection

Food waste treatment
(anaerobic digestion)

2. BMP tests
3. Semi-continuous tests

4. LCA
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Performed activities

Collection bag manufacturing
and packaging

Food
waste

Collection bag use

1. Household storage tests

Food waste collection

Food waste treatment
(anaerobic digestion)
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1. Household storage tests
Evaluation of the waste weight loss during the household storage
(the time between the discharge in the bag and the collection)

112 domestic tests in parallel to compare paper and bioplastic collection bags
inserted into aerated bins (performed in 2 years during all the 4 seasons by
different households)
After the end of each test (120 hours):
evaluation of the weight loss with respect to the inserted waste
Statistical analysis of weight losses (Mann-Whitney U test)
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1. Household storage tests: results
+44% paper

+31% paper
Differences (statistically significant) lead to benefits for paper bags:
• lower amount of waste to be collected and transported Potential for a reduction of
• lower generation of leachate and odour

the collection frequency!
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Performed activities
Analysis of the influence of the collection bag on the food waste management
 Comparison between paper and bioplastic bags

Collection bag manufacturing
and packaging

Food
waste

Collection bag use

Food waste collection

Food waste treatment
(anaerobic digestion)

2. BMP tests
3. Semi-continuous tests
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2. BMP tests
According to the Italian Legislation (D. Lgs.
116/2020), compostable bioplastics must be
accepted by all food waste treatment plants
Bioplastic are classified as compostable
according to the UNI EN 13432:2002 standard
(test only under aerobic conditions!)
Evaluation of the anaerobic degradability of bags at the lab-scale level, by means of
Biochemical Methane Potential (BMP) tests
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2. BMP tests - results
Mesophilic conditions (T = 35°C)

Inoculum 1

Inoculum 2

Bioplastic
shopper

Bioplastic
dedicated

Paper

Bioplastic
shopper

Bioplastic
dedicated

Paper

Anaerobic degradability (COD)
(considering 330 NmL CH4/gCOD)

11%

11%

57%

15%

15%

68%

Final BMP, bioplastic vs paper

-72%

-81%

-

-68%

-79%

-

Bag
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2. BMP tests - results
Thermophilic conditions (T = 50°C)

Final BMP of
paper and
bioplastic
dedicated bags
very similar
(but different
kinetics)

Bioplastic
shopper

Bioplastic
dedicated

Paper

Anaerobic degradability (COD)
(considering 330 NmL CH4/gCOD)

22%

69%

66%

Final BMP, bioplastic vs paper

-51%

-0.1%

-

Bag

Different
result for the
thermophilic
BMP tests of
the two
bioplastic
bags
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2. BMP tests - results
Thermophilic conditions (T = 50°C)
New BMP tests on 4 bioplastic bags (performed 1.5 years later)
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3. Semi-continuous tests
Anaerobic co-digestion of bags and food waste (semi-continuous tests)
Four reactors with the following features:
• temperature = 50°C
• reactor working volume = 2 L
• hydraulic retention time = 21 days
• COD load = 2.20 kgCOD/(m3×d)
• digestate extraction and substrate feed twice a week

Phase 1: reactors fed with only food waste (73 days)
Phase 2: 11.5% of the COD load substituted
by collection bags (cut in 1 cm square pieces) in
three out of the four reactors
• REACTOR 1 - bioplastic shopper (11.5%);
food waste (88.5%)
• REACTOR 2 - paper (11.5%); food waste (88.5%)
• REACTOR 3 - bioplastic dedicated (11.5%);
food waste (88.5%);
• REACTOR 4 - substrate: food waste (100%)
14
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3. Semi-continuous tests - results
METHANE
PRODUCTION

average differences
among reactors
(phase 2, days 40-74)
BIOPLASTIC
SHOPPER
vs FOOD WASTE
-9.9%
PAPER
vs FOOD WASTE
-1.2%
BIOPLASTIC
DEDICATED
vs FOOD WASTE
-8.0%
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3. Semi-continuous tests - results
UNDIGESTED BAG PIECES ≥ 2 mm

Bioplastic shopper

Paper

Bioplastic dedicated
16
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3. Semi-continuous tests - results

ANAEROBIC DEGRADABILITY (COD) (BMP vs Semi-continuous - 330 NmL CH4/gCOD)
Substrate

BMP

Achievable in an ideal CSTR
digester (HRT= 21 days)

Semi-continuous tests
Phase 2 (days 40-74)

Bioplastic
shopper

84%

56%

12%

Paper

74%

70%

82%

Bioplastic
dedicated

71%

44%

27%

Food waste

98%

89%

92%

Paper bags behave similarly to food waste
Very poor degradation for both bioplastic bags
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Performed activities
Analysis of the influence of the collection bag on the food waste management
 Comparison between paper and bioplastic bags

Collection bag manufacturing
and packaging

Food
waste

Collection bag use

Food waste collection

Food waste treatment
(anaerobic digestion)

4. LCA

Dolci, Rigamonti, Grosso
“Life cycle assessment of the
food waste management with
a focus on the collection bag”
Waste Management and
Research 2021, 1317–1327
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4. LCA - goal/functional unit
Evaluation of the environmental performances of the overall food waste treatment
chain

LIFE CYCLE ASSESSMENT
methodology

Comparative study for the two typologies
of collection bag
(paper and bioplastic dedicated / shopper)

FUNCTIONAL UNIT: the management of 1 kg of food waste generated (i.e.
inserted into the collection bag) at the household
Non-compostable materials discarded together with food waste by mistake are excluded
because their amount is assumed not to be affected by the different bags
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4. LCA - system boundary
Bioplastic production

Bag packaging production

Recycled paper production

Transportation

Bioplastic bag
production

Collection bin
production

food waste

Collection bag
manufacturing
and packaging

Paper bag
production

Collection bag distribution

Only for the
paper bag
system

Only for the
bioplastic bag
system

Collection bag use
Food waste collection
and transportation to treatment plants (anaerobic
digestion)

Discarded bag transportation (including food waste
dragged by the bag)
Residues incineration avoided electricity and heat
production / landfill avoided electricity production

Food waste anaerobic digestion
 avoided electricity production
(biogas energy recovery)
 avoided mineral fertilisers and peat use
(compost use)

Shopper bioplastic bags: only 50% of the burden of its production, distribution and end
of life was allocated to the food waste management system
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5. LCA - modelling approach
LCA performed with two different modelling approaches (for products):
• the approach applied in the International Environmental Product Declaration
(EPD) System (polluter pays principle)
• the Product Environmental Footprint (PEF) methodology (Circular Footprint
Formula)

Different modelling of recycling processes
(paper bags are made with recycled fibres)

EC - European Commission, 2018. PEFCR Guidance document, Guidance for the development of Product Environmental Footprint Category Rules
(PEFCRs), version 6.3
EPD International, 2019. General Programme Instructions for the International EPD System. Version 3.01
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5. LCA - analysed scenarios
BASELINE SCENARIO
Different behaviour of bioplastic and paper bags
Same collection bag filling level and frequency of food waste collection
Parameter
Amount of food waste inserted into
each bag
Food waste collection frequency
Mass fraction of food waste dragged
with bioplastic bags removed during
pre-treatments of anaerobic digestion
and subsequent treatment

Bioplastic bag system
(dedicated and shopper)

Paper bag
system

2 kg

2 kg

bi-weekly

bi-weekly

2% (dedicated) / 3%
(shopper) sent to a wasteto-energy plant together
with bioplastic bags

-

• BASELINE SCENARIO A (EPD)
• BASELINE SCENARIO B (PEF)
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4. LCA - impact assessment results

IMPACT CATEGORY
1 Climate change
2 Ozone depletion
3 Ionising radiation, human health
4 Photochemical ozone formation
5 Particulate matter/Respiratory inorganics
6 Human toxicity, non cancer effects
7 Human toxicity, cancer effects
8 Acidification

9 Eutrophication - aquatic freshwater
10 Eutrophication - aquatic marine
11 Eutrophication - terrestrial
12 Ecotoxicity (freshwater)
13 Land use
14 Water scarcity
15 Resource use, energy carriers
16 Resource use, minerals and metals

Paper bag system better than
bioplastic bag system:
• Dedicated, for all the 16
categories
• Shopper, for 9 categories
(differences < 10% for other 6)
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5. LCA - impact assessment results

IMPACT CATEGORY
1 Climate change
2 Ozone depletion
3 Ionising radiation, human health
4 Photochemical ozone formation
5 Particulate matter/Respiratory inorganics
6 Human toxicity, non cancer effects
7 Human toxicity, cancer effects
8 Acidification

9 Eutrophication - aquatic freshwater
10 Eutrophication - aquatic marine
11 Eutrophication - terrestrial
12 Ecotoxicity (freshwater)
13 Land use
14 Water scarcity
15 Resource use, energy carriers
16 Resource use, minerals and metals

Paper bag system better than
bioplastic bag system:
• dedicated for 11 categories
• shopper for 5 categories
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4. LCA - analysed scenarios and sensitivity analysis
PAPER BEST SCENARIO (EPD)
Maximum improvements thanks to the use of paper bags
Paper bags, during the household storage, allow for:
• higher waste weight losses (lower amount of waste to be
collected and transported)
• lower generation of leachate and odour

Sensitivity
analysis

• Higher collection bag filling level for paper bag
• Lower frequency of food waste collection for paper
bag
• Maximum amount of food waste dragged by the bags
discarded before anaerobic digestion (for bioplastic bags)
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4. LCA - impact assessment results - sensitivity analysis

IMPACT CATEGORY
1 Climate change
2 Ozone depletion
3 Ionising radiation, human health
4 Photochemical ozone formation
5 Particulate matter/Respiratory inorganics
6 Human toxicity, non cancer effects
7 Human toxicity, cancer effects
8 Acidification

9 Eutrophication - aquatic freshwater
10 Eutrophication - aquatic marine
11 Eutrophication - terrestrial
12 Ecotoxicity (freshwater)
13 Land use
14 Water scarcity
15 Resource use, energy carriers
16 Resource use, minerals and metals

Paper bag system better than
any bioplastic bag system
Significant impacts reductions:
PAPER vs DEDICATED: -38 / -97%
PAPER vs SHOPPER: -31% / -96%
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Preliminary economic assessment

Assuming:
• Collection cost: 130 €/t
• Earning from biomethane sale to the grid (with subsidies): 0.81 €/m3
• BMP food waste: 125 m3/t
• Lower generation of residues: 3% - 10%
• Transport + disposal cost for residues: 100 €/t

POTENTIAL SAVINGS
WITH PAPER BAGS

10 - 20 €/t

FOOD WASTE
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Perspectives and policy implications

Full scale tests to confirm the laboratory findings
Rigid bioplastic items to be tested with the same approach
Behaviour of bioplastics is extremely variable  more R&D
needed to make it more compatible with the AD process
Collection bags are a field where a more sustainable alternative
is available
From the technological perspective  thermophilic plants need
to be encouraged
Important costs savings can be achieved, following an overall
value chain approach
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